Restricted passage of reaction intermediates through the ammonia tunnel of carbamoyl phosphate synthetase.
The x-ray crystal structure of the heterodimeric carbamoyl phosphate synthetase from Escherichia coli has identified an intermolecular tunnel that connects the glutamine binding site within the small amidotransferase subunit to the two phosphorylation sites within the large synthetase subunit. The tunneling of the ammonia intermediate through the interior of the protein has been proposed as a mechanism for the delivery of the ammonia from the small subunit to the large subunit. A series of mutants created within the ammonia tunnel were prepared by the placement of a constriction via site-directed mutagenesis. The degree of constriction within the ammonia tunnel of these enzymes was found to correlate to the extent of the uncoupling of the partial reactions, the diminution of carbamoyl phosphate formation, and the percentage of the internally derived ammonia that is channeled through the ammonia tunnel. NMR spectroscopy and a radiolabeled probe were used to detect and identify the enzymatic synthesis of N-amino carbamoyl phosphate and N-hydroxy carbamoyl phosphate from hydroxylamine and hydrazine. The kinetic results indicate that hydroxylamine, derived from the hydrolysis of gamma-glutamyl hydroxamate, is channeled through the ammonia tunnel to the large subunit. Discrimination between the passage of ammonia and hydroxylamine was observed among some of these tunnel-impaired enzymes. The overall results provide biochemical evidence for the tunneling of ammonia within the native carbamoyl phosphate synthetase.